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(54) MIXED DELAY LOCKED LOOP CIRCUIT AND CLOCK SIGNAL 
SYNCHRONIZATION METHOD THEREFOR 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a mixed 
delay locked loop circuit (DLL) in which variations 
due to influences of noises are not large, and a 
clock signal synchronization method therefor. 
SOLUTION: The mixed DLL circuit has a digital 
delay section 100 and an analog delay section 
200. The section 100 has a digital half delay line 
1 1 1 consisting of a plurality of unit delay devices, 
compares phases of an inputted external 
reference clock signal and an output clock signal 
generated by the mixed DLL circuit, controls a 
delay amount of the reference clock signal in the 
line 111, and locks the control on the digital half 
delay line if locking is performed between the 
reference clock signal and the output clock signal 
The section 200 has an analog delay line 207, 
compares phases between the reference clock 
signal and the output clock signal, converts the 
comparing result into an analog signal, and then, 
controls the delay amount of the output signal of the line 1 1 1 in the analog delay line 
by using the analog signal. 
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m&m 1 1 Mi*mmmm&i>-y°\2imzi5\ ^x . 

D yJf y^" (locking) 3&*tT*>il&i:. HtfflBT^' 
. ^WN-7ll7>f V(c*=f-r-S>0JffllSrllS§-ti--g.xv^ 

mlST^o^a®^ yxtiiiTi/f/w^—yMMyJ 

m®b zmtx^&z t zftWLt-th&ismmm'xijv 
i n -y ^ft-t t Biffem i rt«^ D -/ 9m^b 1 8 

0" c9(iffl^£*?-&lg2rt&?Dn/?{I^££j£;L 

[ff*JS3j tin-riff Mmmt. 

miesji 1 ft®9 n y ^ft#t Mieai^i^ D y 7m^cr>®. 

frfE^ i (2fflitS£(i^£S« l-xwMt ! J9)^\- 7 a 
m=y4 yxcr>mm&zmw-r&& 1 wttmmm*n&&. 

msSm 1 ffiifflJttW3#£ W8 LXm§m 1 rtgC^ n y 9 
m^t mZftjJ 9 a y ^{t-^-i: *<o y 3f yfZiVfi: i: ffl 
ffifEma@$WfI^£[S£$-lt&oydf 

[ »^314 ] MiESS l aSifflfflifgli , mm l (SMSJt 

yrm&mz £ *) mm m^^-v^m^t muti* 

7* y tm^ktfv ■y*y7 , ZtLtzt m%.ZtlZ> t . Iff 

ie^ yf-am&ztn z t zmtb -r&mzm 3 e 

^'^/^N-^affi^'f v^miEm 1 ? d -y ^n-f-a 

v-yfmmimmmzimzti. miT-ru9'wm7 4 
y<n&ftm^t>mmm£&Mmm&v-7®fo<n\i!,j) 9 
1 *-y?m^tLxtmzix&zb$:mkt?-&ig3im3 



m 2«m ? o -y ? ff^f- 1 ml Eft :/! ? n v ? (t^ftS & 
Jb*T*MMS««r *r«e 2 (ifflitSSfi^?- 2 

huIe^ 2 (affljtffiHt-^^ r Tnymmzim lx huiet 

y^mcthT'Jf )V/TTU9-^g^b Sr $ 6t=«i 
T V>£ ; t 1 fctE®ey)g-£S3ffi£B| 

[»*«7 ] MIESm^ o -y ^fi-^^^ LTfrfESS 1 

&*z^zffitx^&zt£mit-t$>zmmii l z : im 

im^ms] tfrtEtti^^oy^fi^-srBuiEmififfla 
msRtsm 2 immm^z y<- y 9 $ -tt& ai^« 

9)V)\-7W&y4yb^ 

miXt>9 o y ^ft-^t BtrlEa^SI^U-TIlIS&tcJ: fj 

Sr^-rm i fflffijtiwi^fc 4» i <m&mit , 

rofEmiffifflJt«fi#*SmLTHuiEx^;^N-7a 
SE5-f >-CWjlSE«*lWW4flS 1 affi^Jffllfi-^^^ 

HuE^^yu/N-^affi^^ytc^ft-r^mia® 

mrlEm 1 ffiffiJtl«3^*S«LTfnEfll 1 1*1357 o y ? 
ft^-i: milEai^ 7 o -y ^ ff-f-i: -y df ^ $ ix?t t W 

fezti&t. msd&imjmwm^zmfez-tt&vy* 
yymm^t. 

mifif9)VJ\~ymmv^ y<r>^m^r-TU9'-H 
ow^raas^-ti-sr^o^a®^^ yt . 

m&kll9 n y 7fi-§-i: fjfEtb^iy a -y ^ff-^t co&ffl 

2mmmw&t. 

msm 2 ®.ttimm^zTTa7m^t,z$m lx wet 
TV9 , mm7'< ynmwwKMzmiT-rnymmy'i 

yizm&^hTi>9 )V/T-r<n9' 1 gm&t SrdxTV^ 

[ i o ] tin ess i as©jfflis{± . miess i 
immmzft^xmft-t&t^yf-z^L. imq-y 
^ >^aifi(c J: o HufEA^] ^ o y ^ ft^- b uneaj* ^ 

n-y^fi-^-i:*Jn-y=ifyj/$^i:W^$a4i:. I?IE 
^^y^-ttia^$n4^t5r^®i:-r4B^JS9tfE 
«<?)^MaffiH^I^-T[H]Sgo 
[t»*]Sll] ByfEA^^D y^fl^ffl^-C. BtTlE 

m-^mMmm^-TWimzm Ltzm^v^i^-th 

f$lftU9v-y9m^b. mm 1^9 a- y9iE^b 

i8o- cr>imm£G-?&m2f*it$9v y9m^bz*k 
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fifc LT tiff EJg lfy®?uy? fl^ £ MIES* 1 RVW, 2 ft 

fflitiR&KJg«L. H>ne^isixsi2i*ia5^D-y^«# 

[|»*«1 2 3 MiBxx^^N-^iiffi^-f ^fcti. 
mfBJfl 1 {4ffiJfc)IR«#fc:fl!-> T buIEIS 1 RX/rniZM 2 
1 SB? o y7mmo4><7)Mtifr 1 -pcofigS^n -y ?fl-f-# 

m i MmMm&vm 2 mmfflwmz&m^-z ?uy? 

[MHJJH14J ff!Effi;b?n-y?fI^iH?fEf&lftffl 

9 izim(r>M-&m.wsm&\'-y°®B&. 
iznLte&ztitz&xtn'vrmnznnzith-xmz 

- 7i®7 >xmimm? o y ? m^nwms.z®m 

HuKS^Dy^fi^kBuietti^l^oy^ft-f-kcoSt 
6ffflffll£IIl5g£-ttS&|igi: . 

*&^xm2imimm^i£j8.L. m&62im)m 
m^z T-j-a7m^iz$m?&mgt . 
mtT-ruym^zm^xT-rnrmfeyj >azx *)m 

[fS*JS 1 6 3 mIE^? n y ^m^^ffl^TMIBx 

lf*|gp^n -y^ft#i:. Mfe^lrtSP^a -y^ft-tk 1 
8 0" CD{affl^£^rr£S&2|*|gB?n -y 7m^t££j& 
LX&jj-i-hfflgZZ t>lzffiz.X^2,Zk ZHmt-th 

mtm 1 5 cifi^^ii-^s3iffiia^u-Tiijs&co^ □ y 

C»^« 1 7 3 HUB* 1 ffl[ffiJttWS#fe:«-?T . HiflB 
f^;i'A-7ll7'( ^cfiffEJS 1 &VmflESi?2 flgp 
70 y ^ff-^-O^^Mix*^ 1 o^rtSPi? O -y ?fl-s|-#St 

, z t zw&b-rhmim 1 6 tciemo 

[000 13 



rUlSS (DLL) l,Zffll L > ttlC. ^SSPfl^-kffi^^ 
[00023 

[t£3fc?)fe«n ^S5^n yi?fi-f-^»Pfi#tcit^-C3ft 
tf (leading)^ XJijUxa ( 1 a g g i n 
g) frZfflir?. StSv^rart^SL-JtO y^yi/ 
£frfc d b i-&¥mtk**:V$miz7v ~, ?W±&i'Z. 

xASrStt-rsrasti. Tmm^yvj.-ffrmx'iffiiz 
mm%mmb%ix%fc. ±x<^n±^titz^u-,^ 

m^WM/^mnx* a— (skew) £3jLT£fi£;£iX 
<x^tm«=5r^>=6:v\ fiy-b^^o -y ?£j£coJ: 

77-f7^77 ,, Jt-y3>li, «V kjt^U-y 
DDR DRAMtHSSti^fi^l/aJlWiO/hS 

[00033 asa^-r (dld assii, ^co i 

0, aS^gP^C^oT^Tt. DLLti^fi^Sr 

•f-krtgP^n-y^fi-^to^coCKOid^fiffillJi, # 
fc, DLL{±»mfi#S:P , =ia5^0 y^fi-§-i:S5iJ§^& 

msm®. (xi&m&m.) b^o 3r><rm£tf*>h. 

[00043 L L*^|l#|t6 ,242. 95 

5 Bl (Assignee : Silicon Mag 
ic Corporation, Appl.No. : 
0 9/3 9 9, 116, FilediSep. 20, 

1999) izmmztix^h. msmfr&mzfflijkzti 

LTiiv^***. «fflL<tdi;-r-?»^O y^ig^c^*ys: 
-tliJtft 1 1>( 7;H®7-< y ( o n e cycle 
delay line) ff^bb hflh „ ZCDXo&l 

->'^yPD L L-C<iSS7-f >W3---y bMM ( u n i t 
delay) TlifiS$^T^i><7)T\ Oydfyiy- ( 1 
o c k i n g ) f£coy XcO^tCi t y h 

iiffiT'»< t<7)T'*^)/i^. ^O y^^'y^ (c 1 oc 
k jitter) V ^ b H 3 rail^>**> 

[00053 
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mmxmzts if s tmfiuz&*x %ztitzi> cox*$> -> 
x. imwn^mt, sjxoimtzi&MmcTmiktf 
±z < %^msmmmm , &v-7°®$ t ft.u%<7)'7 ny? 

[0007] 

iztc § tittmuz x h m.i*WM&wg.)v-ymm$ . 
m.-&mmjm%ju-7®mzt5\,^x . n^JUftasss 

fr^x-n zti&mm? w9 m^b mmsmmmsL 
?s-t#a5£$*i..g>a&»£$yepu mib*^? O -y ? 

m^tmiliijj7V'v7m j %bcr>Wlt,zn>y*cy?' ( i o 
ck i ng) Wtrbtiht. Wtri?-? fr^— 

b*ffiz.X^&Zb*m$Lb~th. 
[0 0 08] mflE»»^n-y^fi^ffl^T. fir 

1 ftgp? a y ^fi-^t mffBljSl a -y ?m^t 

18 0° <nm&tt-$-hw.2.n%9u>v9m i %b*£. 

&LLX&J}'thAJ}^-yyT$:Zt>t,zffiz_X^&ZtZ 

gff? o -y ?ft^i: miieai^^ d v tm^nftMb iit^ 
■CJUSHS***** 1 ffiWJtlSHl^fc tB^j-r^SS 1 firffl 
ifc«Si: , miiem 1 <iffiib®«-§-£SfI LT HofSx^^ 
/l^-7aS§^-f vcoaSiSrSiJffll-r-S^ 1 aiffiffflffl! 

•vfm^ttfu y^yyztititmfeZix&t. fflism 
hhk* . mibss i m^itmm^z^xm^-t^ **jy 

'/D'/yS^i H?ffitU^ ^ O >y fl^- 1 ^'Q -y y ^$ 

zmLb-t&. ttz. mse&iifflimm^zmix. 



mz^ryftw^-ymmyj y\,z m?M 1 pm? a y ? 
ft-f-atfrnrf ass 2 ? a -y ? m^tpcomtifr 1 o<o 

wyA y<7)mxm^tfmm-&m.mMffli&i--y°®s&<?) 
2<mimm^zftji'?&m2mm®iw%*b . iyiB^2 

[0009] ±IEBW$r^fig-r-l»7t^>^^$^*%Bj 
1 fiHBJtlW3^*aj*-t4JIS 1 GfflJtsKflt . Mie^ 1 

x-<nmm.*mm*z, m 1 aasn wt^^^js u . hjib 

b . UIE^ 1 {4ffiJtl8{I-s§-£gfi LT miism 1 rtSP^ o 

vtm^b tvytm^b ? * yrztitz 
bm^tthb. mti.mimmmm^m'&^hu 
v*y?mttfflb . luie^^^/^N-^as^^ >-«oai 

rmm^-Jyb. miXX7v-y7m*7bffiUliij]7v 

vtm^bntimztt'^x ttmszk z ^-tm 2 &wim 
m^in^>-r^2mmmm^b . H>nem2{5ffijt®fi 

ffjfw^^^mriBr^niy'affi^'f yizmm^&Ti;? 
)v/r±v?$zffl&bzmtx^hzb*'¥fmb-$-h<, 

[001 0 ] ±IBBW$:m-r-i.7t* > >^^$ixf^|%BB 

*= i sii-^sajiii^-riiis&cT)^ o y ^ft^-iHi^ 

ffi{±, ^^^A^^n^^^o-y^m-^^L^ 
$ii7t:ai^^n-y^fi-^^|siai$-ii:l,S-ffiict5^T, lu 
IBS*^ o -y ^yfi^-i: mlBtil^^ n -y ^ft-^t^ffiSr 

it^-cm 1 msimm^znitfL l . mmm 1 mumm 
^zm^xmmn&{±Lwm&X'%&Ti;?>i-iji£c?>^- 

ymmv -f VT'ltifBS^^ n y ^ m#^lffi»&SiJ0Pf 
-Sg^i:. fiiBSS|i^D.y^ft^-i:mriBtii7J^n y^fi 
^bnmzu y*y-?tf'ftteixh b , mriavN-^SS^ 
-f yfc*W*t!«lijeS-£ SSPgJ: . IHSEfflS^av 
7m^bmi£X7Vv?m^bcr>{i[M£it'^Xm21iL 

ttitmE^zz&L. m£m2&ttimm^ZTTa7 
(tt&oxr&mtk. mzT-t-arm^-zm^xTi- 
vr&my-i yi>zx ymw^-yMMyJ y<rnnijm^- 
tfMmztiz>Mms.z®m?h&?8b zmtx^zz t 
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[ooii] ^co± otcm&L<r>*w&z£ix\i. mm? 
SHk**** $ t , jntA t mmmmtf 

[00 12] 

JB®^a*CTS:llffi$r#BSL^*^iJiBB-ri>. 01 «1 
*%HBtCj;S^N-7a®5-f y (ha 1 f delay 

line) tt-thm&WMW®%.)V-T\m (U 
T\ ii-^MDLLIUSI) ^rn.y;itl)l». 01 fc^ 

-riot, *%f s niz£z>w.-&mDLU3.7 : i;?)imm® 

*J9MBm\ 0 OtiffiffltfciiJSl 0 1 . jMWStl 

03, n-y^^^ajsi o 5, {affla®^-^-i o 

7. Mux 1 09, -fi^/U (ffl) Il^yi 1 1£ 

*tr. r^a^a®a52oo{ififfl«iaj§i2o 
i » 3SssmnM»2 o 3 , ?&9fr/Tirxirimi&i 0 

5, r^a^ (MM) V2 0 7fc#tr. 

[ 0 0 1 3 ] 0 1 ^L7t{iffl«lliiS2 0 1 (1 0Bf£ 
1 jSwffiSOi-CTi^loiSgffl 0 OC-^S^t^i: 
^LT^&#>\ T-^n^a®gB2 0 0£«j£-r.|,g3fi-e 
ffllk:, AA^n' 7 7 r 3 0 U Hi^SSllS 3 0 
3i:?o./?#J^305£$^<!£T^&. 01t 

st^RE f c lk (i^t-ge*^ atj Ztlh&mfu-y 

^«#5r, DLL_CLK(±2|s:^HJ £ 7)^SDLLIlIS& 
t3<k9±j£$*t*:;y-c?y;?fI-§-£, f b_clkudl 
L_C L K36*aj*flBKlSE» 3 03^ LT^S 1 ftfflE? 

ais i o i 2immtt2s 2 o 1 k 7 * - k a . y ? 

Ztlizro vrm^Z. CLK(iA*A*7 7r3 0 1<7) 
aiTl^n/^fl^-S:, CLK_B<iA7J^'y7r3 0 1 
<73fl!!^ai73^n/^fi-^T-S , 9, CLK*>£>1 80* ft 

[0014] ft-f , T-v^^a®^ i o o-c-GMt&titft 

10 111 A*A'«/7r30 lCDttJTJfl-^CLKt 7-f 

- hV\'-y ^fl-^F B_C LK fc C9ftfflH£ib^TT 7? 

ft # (up) xay^ytm- (dn) ££j£-rs„ (as 
&ais i o i eoajTjfi-^ii memm 103^7^ 
ostimmm^-^-i 0 7^s«$^ 
h, wmmWii 0 3(i. (e) »7^yi 
' 1 ix'^mwm.^wm-h^^y^- (m^m) & 
mx.xti'o. mammal 0 KD&^m^zvt^x^ 

>^-c7)ffl5r^sg$-y:S„ o-ydrV^ajfgl 0 5li, 

ftffl&iiifii 0 1 frt><r>r yy°m^ (up) x&y^y 

(DN) Z&iSLX n-y 7 m^CLKt 7 < 

— ••/ ? 9 o >y ?fI"^F B_C L K t <9fl]<0u y y 
^^STS^fiBrL, ClW2oc0^a-y ^fi^'SVHCo-y 
*y^$ix££i:#iii2§*i.§i:, je&fHffill 0 3ft 



tl {Jffl^tilSsl 0 lcotb*fl-§-S:fl3^TiS(t^^o .y 

Muxl0 9ll fiffillt-^-10 7^*7l(i^(C 
ftoTftllrt^o-y^fi-si-CLK, XliflSB^Uy? 
ft-^-*^l 8 0' fifflte^$^m2rtg|5^0.y^ft-^ 

c LK B fflRWKfW^ («) m&ry^-y\ 1 

i{c»rs*-f y^-fiOfSfi^S^-r. (ffl) 

!S7>fyilllJi-7Mg(unit del a 
y) T«j£$*VC*>9, Muxl 09^LTSft§tl 
i^n^fiW^BSSBISES-fr. T^a^g®g|52 
OOcOTT-u;/ (fMB) Sffi7-f y207lzmm-Th. 

[0015] mz, n-v7Mmm2 o o-ctMfflfttas 

2 0 111 IBll*|g6^a-y^«-f-CLKi:7^-H/N'.y 
??o-y?f!^FB_CLKi:C0{ifflj|£it'<, T-/7° 

is^(up) yft-^ ( d n ) Lxmrnrn 
W2 0 3 izvm^z, . aM$ijps2 0 3«, tt^u^ 
umbo s®5-f y2 o 7X'<r>mwmmzsrm-t&*j'y 

sf - (0**B&) ZMtXtiK). ffiffi^ffiS2 0 3<7) 
ftJjlzft-oXt^yf-cvmZ^ZltZ,. irVflV/ 
7tn^i^2 0 5(l jlSBW»»2 0 3^-7^ 

TJVN'y 7 r 3 0 1 li^SP*^*^^ d y ^ffRE F_ 
CLKSr^ftL, DLLigmcaL^<t^K;WC^Jg 
ffi7J««ilffiS3 0 3{i, ^ODLLIUS&^i: 
O y ^ft-^-D L L_C L K £ 7 >f - 
KA-y^-ti-CftffliaaigslO 1, 20 1tCg«-r§. 

^D.y^^3 0 5ii mm7v-y7m^tmmz-ft 
m Lxmmfflvm 103, 203 izmm-tt zttzx 

*) , jSettMB 1 0 3 , 2 0 3|*|<7)*7y^-5:i#§ 
[0016JI1CS L^T-'y^yl^^gp 10 011 T 
^ («) 3SE7>f >1 1 l*WBt-*Ci:fc:J:»J» A 

7jA.y7r 3 0 1 iftbx&mzti&ft&mmm^RE 

F_CLK-S:fflV^»^Tii3ffi$-*S. T^a^a®^ 
2 0 011 x^'^/WiSgB 1 0 0 coo y >-^«Mc^ 

vmmzm^xmmizTi-ay (mm) mm74>2 
[ooi7] i *)mfomzmw-t& t , x^/wro? 

i o o T'fliia^ais 1 0 1 fl *>\-W7 O y ^ ft^-c L K 

t 7 ^ - y ^ ? D y 7ft-f"F B_C L K t Zifr^X 
UP/HOLD/DOWN$rfiJBf-r'l.. ^-7®}!^^ 
V^fC, mtsft&mm? D >y 7ff-^-RE F C LK$E 

x^hfvfjv (a) a®5-f 1 1 Tmrnmoffi 1 

0 3$r^LTg%JA^^ y haH£aiRLfcWU«r 

1 <7)U P/D OWNft-f-Sr^llTLT^ 1 o -y i?ft 



t 
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^■C L |*|gB? O y fig^C L K_B ZMtR-t 

mmfim^i 0 3»i ftffltaaifsi o i<oaj2>fi^ 

&iii#§10 5{i. fifcfflESiiiSl 0 lC7)ftjjX'&&HOL 
D^SrJSaLTiBESiJffllSl 0 3$r<?jt?ii-S. 

±31= ltt^/wissb i o o #o ••/ ?vmzm.&-t 
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